Background: The transition of young people from school to university has many health implications. Food choice at the university can differ because of childhood food consumption patterns, sex and the living arrangements. Food consumption may change especially if students are living away from home. We aimed to assess food consumption patterns among university students from four European countries and how they differ by their living arrangements. Methods: We analysed data from a cross-country survey assessing health and health behaviours of students. The sample comprised a total of 2402 first year undergraduate students from one university in each of the countries of Germany, Denmark, Poland and Bulgaria. Food consumption was assessed by means of a food frequency questionnaire with 9 food groups (indicators). Results: Students' food consumption patterns differed across the countries. Frequent consumption of unhealthy items was common. Bulgarian students reported most often frequent consumption of sweets and cakes and snacks (e.g. chips and fast food). Polish students reported the least frequent consumption of vegetables and a low consumption of fruits. Across all countries except Bulgaria, men reported substantially more often frequent consumption of snacks than women. Students living at parental home consumed more fruit, vegetables, and meat than those who resided outside of their family home in all studied countries. There was more variation with regard to cakes and salads with more frequent consumption of cakes among Bulgarian female students and Danish male students and more frequent consumption of salads among Danish female students not living at parental home, compared to students from other countries. Conclusions: Nutrition habits of university students differed across countries and by sex. Students living at parental home displayed more healthy nutrition habits, with some exceptions.
Background
The transition of young people from school to university has many health implications. It is a time of increased responsibility for food choices and practices [1] . A key concern is the food consumption patterns and associated nutritional risks specific to college students [2, 3] . The nutritional knowledge of university students [4, 5] , and their diets (food consumption patterns) have received global attention [1, 4, 6, 7] .
Changes in living arrangements that some college students encounter influence their lifestyle factors e.g. food choices [8] . University students' diets feature some undesirable practices, especially for those living away from the family home [9] . In Greece, students living away from the family home made some positive changes (e.g. decrease in whole-fat dairy products, white bread and margarine), but they simultaneously decreased their consumption of fresh fruit, cooked and raw vegetables, oily fish, and increased their sugar and fast food intake [10] . Polish female students living away from their parents had significantly less percentage of energy provided by total fat and higher percentage of energy from carbohydrate than students who reside with their parents [11] .
Surveys on eating behaviour of young people and adolescents have been conducted in many European countries (e.g. [12] [13] [14] [15] ). However, most studies examined single countries and some have focused only on one sex e.g. [16] . Cross-national comparisons of diet quality have also been undertaken (mostly only two countries), but focussed on the general populations (e.g. [17] ) or adolescents (e.g. [18] ) rather than university students. Similarly, cross-national research of the food habits of university students mostly compared only two countries [19, 20] . Exceptions include the European Prospective Investigation into Cancer and Nutrition that examined the general populations (10 European countries) [21] ; and the International Health Behaviour Study that examined the food choice behaviours in university students (23 countries) [22] . Besides these, less research has compared the cross-national variations in dietary habits of university students across several countries, employing more than a single student population and hence a wide variation in diet, using large samples, and measuring the frequency of a wide range of dietary intakes.
Therefore, the present study surveyed a large sample of students from two western European (Denmark, Germany) and two eastern European countries (Bulgaria, Poland). The aims were: 1) to describe and examine variations by gender and university site (country) of food consumption habits of students, and 2) to examine the relationship between food consumption and students' living arrangements during university term (whether at home with their parents, or residing outside of their family home).
Methods

Participants
The dataset used in this analysis is part of the Cross National Student Health Survey (CNSHS), a general health survey among student populations conducted in several European countries [23] . In the current analysis four sites were included, which conducted the study in 2005: University of Bielefeld, Germany (DE); University of Southern Denmark (DK); Catholic University of Lublin, Poland (PL); and Sofia University, Bulgaria (BG). The study applied a self-administered multi-theme health survey, including questions on multiple health behaviours. The original questionnaire was developed in German and translated into Polish, Bulgarian and Danish by two independent translators. The two versions were compared and their disagreements resolved in discussion with native speakers involved in the research team. The questionnaire was distributed to first-year students during regular classes in the final part of selected courses and collected immediately after being completed by the students. No incentives were provided. The response rates (based on numbers of returned questionnaires) were >95% (Bulgaria, Poland), 92% (Denmark), and varied (60%-100%) for Germany depending on the surveyed groups (85% on average, lower response rates in large lecture rooms than in smaller seminars). The study included 2651 participants. Sex was missing for 60 students and an additional 189 had missing responses in some questions resulting in a final sample size of 2402.
Measures
A food frequency questionnaire (9 indicator variables) assessed consumption patterns of sweets; cakes/cookies; snacks and fast/canned food; fresh fruits; raw and cooked vegetables and salads; and meat and fish (see Table 1 ). The introductory question "How often do you eat the following foods?" asked participants about the frequency of their usual consumption of each food item separately (rated on a 5 point scale: several times a day, daily, several times a week, 1-4 times a month, and never). These 5 categories were collapsed into two categories: high frequency (several times a day/daily) and low frequency (several times a week/1-4 times a month/never). In the case of three items (cakes, snacks and fish), high frequency was defined as several times a day/daily/several times a week versus low frequency 1-4 times a month/ never. The instrument was based on pre-existing food frequency questionnaires, adapted for the study and used in previous publications [24] . Both the face and content validity of the instrument were ascertained by grounding the questionnaire on literature review. No formal test of validity was performed, but the questionnaire was very similar to other food frequency questionnaires that had been validated, e.g. [25, 26] . The question: "Where do you live during university/college term time?" assessed students' living arrangements during university terms, with four closed options and one open end response (alone; with my partner; with my parents; with room-mates; other). This variable was recoded into two options: at parental home versus all other options.
Informed consent and ethical permission
Participation in the study was voluntary and anonymous. Students were informed that by completing the questionnaire they were providing their informed consent to participate. They were also informed that they could terminate the participation at any point while filling out the questionnaire. The permission to conduct the study was granted by the participating institutions: Bielefeld University in Bielefeld (Germany), the Catholic University of Lublin, Lublin (Poland), the University of Sofia in Sofia (Bulgaria) and the University of Southern Denmark (Denmark).
Statistical analysis
The analysis was conducted using SPSS 17 (SPSS Inc., Chicago, IL, USA), with statistical significance level set at p <0.05. First, the sociodemographic characteristics of the sample were presented by country and tested for differences using chi-square test. Second, the consumption of food items by country, by sex and by both was described based on the dichotomised values. Bivariate comparisons were tested by chi-square test. When country and sex were considered simultaneously, logistic regression with main effects of country and sex and their interaction was conducted to obtain significance tests. When the interaction was not significant, it was removed and the model was re-estimated using main effects only. Third, the effects of not living at parental home on the consumption of the food groups were assessed in logistic regression models. Each sex-country combination was recoded into a new variable yielding 8 distinct groups. The interaction between this new variable and living at parental home versus other living arrangements indicated whether the effects were homogenous or varied across countries or by sex. When interaction term was significant, stratified analysis was carried out to present the effects across the sex/country combinations.
Results
Characteristics of the sample
The proportion of females was double or more the males in the two Eastern European countries and nearly equal in the two Western European countries (Table 1) . About 70-80% of students in the German, Danish and Polish samples were aged 20 -23 years, while about half (55%) in Bulgaria and one fifth (23%) in Poland were <20 years. Students aged >23 years represented < 1% in Poland but were about a quarter of the Danish sample . In Poland, Bulgaria and Germany, 25%-50% of participants lived at home with their parents during their studies; in Denmark this proportion was much lower. Across the four countries, generally more males than females lived at parental home (data not shown).
Food consumption by country and sex
Across the four countries under examination, Bulgarian students most often reported frequent consumption of the 'less healthy' items (sweets, cakes, snacks and fast foods) ( Table 2) . Conversely, Bulgarian students also most often reported frequent consumption of some 'healthy' items including salads (59%) and vegetables (32%). As regards meat, the percentage of students reporting frequent consumption was relatively high in all countries (ranging from 44%-53%). High frequency of fish consumption was most commonly reported by Bulgarian students.
Overall, more women than men reported frequent consumption of sweets, cakes, fruits and salads, while more men reported frequent consumption of fast food, meat and fish. Both sexes reported frequent consumption of vegetables at a comparable level.
When country and sex were considered at the same time (Table 3) , most of the differences observed in bivariate analyses persisted. At the same time most of the country and sex effects were independent and significant interactions existed only for salads and fish consumption. For salads consumption particularly strong differences by sex existed in Germany and Denmark, in contrast to Poland and Bulgaria where consumption frequency in both sexes was similar. With respect to fish consumption, there was nearly no sex difference in Denmark, while in other countries males reported consistently more often frequent consumption.
Comparison of dietary patterns of students having 'other' living arrangements with those living at parental home
In the case of most food groups, the effect of living away from parental home was homogenous across all country/ sex combinations (Table 4) . While the effect was not significant for the consumption of sweets, snacks, fast food or fish, the consumption of fruits, vegetables and meat was less frequent among students living away from parental home (Table 4) . For cakes and salads there was some heterogeneity across the country/sex combinations (Table 5) . In both cases, the consumption was lower among those living away from parental home for most country/sex combinations as indicated by odds ratios below 1. The exception was a higher consumption of cakes among students living away of parental home among Bulgarian females and Danish males. In the case of salads, in general the consumption was lower among those living away from parental home with the exception of Danish females who had higher consumption of salads when they were not living at parental home.
Discussion
This article reports food consumption habits in young people attending universities in four countries. University students are usually better educated and younger than a population-based sample, and comprise a suitable sample for examining food consumption habits, as the variability of ill health and education is minimal.
Regarding the first aim of the study, students' nutrition showed some unfavourable practices across all studied sites. E.g. less than 50% of students reported frequent consumption of fruits. High consumption of foods that are "away" from the Mediterranean diet [where standard dessert is fresh fruit with sweets consumed only on special occasions [27] ] was significantly associated with 10-year coronary risk of >10% for 40% of adults [28] . Other studies among students confirmed a low intake of fruits and vegetables [29] [30] [31] . However, students' food consumption patterns differed also across the sites. For instance, Bulgarian female and male students reported most often a frequent consumption of sweets and cakes. Bulgarian students also had highest frequencies of snacks, including chips (40%), and fast food (52%). This could indicate a need for specific public health action at this site. Women's food consumption differed significantly from men's. For snacks, across all 4 countries, men had reported more often a frequent consumption of snacks than women, supporting similar findings from France that male university students had a higher mean number of daily snacks than women [32] . For fruits, Lee [30] found that female students had better nutritional habits than men (were more likely to report eating fruit/vegetables), providing support that women behaved 'healthier' than men in terms of fruit consumption [32] . Earlier reports also found that female university students ate more fruits than males [33] . However a point is that although females might consume more fruits than men, such consumption levels could still fall short of recommended daily recommendations [29] . We are in agreement with these authors, where across our sample, women exhibited more fruit, salads and vegetable consumption than men. Regardless of country, more males regularly consumed meat than females, in agreement with Turkish males who reported significantly more meat serving per day compared to female adolescents [29] . Our findings also support results of Swedish university students where females had healthier habits related to nutrition [34] .
Regarding the second aim of the study, across the four countries, 59% to 91% of students were not living at home with their parents during their studies, similar to France where at least 65% of university students lived away from the family home during the week [33] . Our findings suggested that students living at home with their parents consumed more fruits and cooked/raw vegetables than those who resided outside of their family home. This parallels Papadaki's [10] conclusions that students living away from the family home decreased their weekly consumption of fresh fruit and cooked/raw vegetables. This might suggest parents' potential influence on their children's diets, in agreement with studies which found associations between intakes of parents and their adolescent children for fruit, vegetables and dairy foods [35, 36] . Indeed parents can possibly inspire their children's food intake positively through role modeling and the food environment they provide at home [37, 38] . Furthermore, home accessibility to fruits and vegetables was found to increase preference for these foods in a 6-month follow-up study [39] .
Students living away from the family home might develop more unfavourable eating habits than those living at the family home. This might be due to the fact that those living at home do not have to pay for food and therefore do not suffer from financial limitations in this respect. In addition, meals containing vegetables and other healthy food items might be prepared for them and thus more healthy food is available to them. As college students leave home and adjust to independent living, good dietary habits decline [40] . The living situation is further compounded, where studies have reported that students living on campus reported significantly less frequent food preparation [41] . Frequency of preparing Table 4 Odds ratios of frequent consumption for students living at 'other' accommodation compared to students living at parental home (for food groups with homogenous effects by country/sex) a odds ratio (95% CI) for high frequency versus low frequency consumption among those living at 'other' accommodation compared to students living at parental home, analysis stratified by sex/country, each food group was analysed separately; numbers below 1 indicated that consumption among those not living at home was less common; similar numbers indicate similarities across the countries and by sex. † Frequent consumption defined as: several times a day/daily/several times per week. * Frequent consumption defined as: several times a day/daily.
food was related to more healthful food choices in terms of lower intakes of fat and fried foods and higher intakes of fruits and vegetables [42] . These factors affect students when they move to a different city within their own country [43] , or translocate to attend university in countries other than their own with new eating patterns and food choices in their new environment [9, 44] . This might be particularly relevant for the consumption of fast foods. In our sample, living away from parental home was not associated with higher consumption of fast food, snacks or sweets. Fast foods consumption, a frequently used indicator of unhealthy eating [45] , might mirror the degree of the shift away from traditional cooking towards meals that are made outside the home [46] . Indeed the consumption of nutritious foods (e.g. fruit, vegetables) is inversely related to the frequency of visits to fast food outlets [47, 48] . Although we found a lower consumption in healthy food items like fruits and vegetable in students who have moved out from parental home this was not accompanied by a significant increase in fast food, snacks or sweet consumption in our samples. Our study has several limitations. Data were selfreported (no validation undertaken) and cross-sectional (does not infer causal relationships). Food consumption was estimated with 9 food frequency questions. Although similar (or shorter) questionnaires have been alleged to underestimate fruit and vegetable or high-fat foods intake when compared to multiple 24-hour dietary recalls [49] , for fruit and vegetable, they produced estimates similar to those produced by other brief food frequency surveys [50] . We did not undertake formal tests of validity on the questionnaire but it was very similar to other food frequency questionnaires: e.g. Osler & Heitmann's [25] for which validity was demonstrated that it correctly quantified food intakes when compared with diet history interview; and to Roddam et al's [26] who reported that the short food group questionnaire functioned reasonably well for the assessment of dietary nutrients. In Bulgaria, the frequency of consumption for all studied food items was higher than in other countries, suggesting a specific tendency of responses. While the translation very strongly focussed on the equivalence of meaning, there are some cultural aspects of translation which cannot be overcome. Possibly this was here the case, but we were not able to assess this issue formally. Another limitation is that we were not able to further differentiate living conditions with respect to opportunities for food preparation. Residence halls are not common in the studied countries, but still the conditions for food preparation can differ across different living arrangements. In fact, we were only able to make a meaningful separation between those living at parental home and those not, while we were not able to compare different living arrangements among those not living at home. We did not assess whether the students were eating at the university's refectories or were preparing their own food. We also did not assess if differences between those living at parental home or not were possibly resulting from preexisting choices in food consumption rather than introduced by change in living arrangements. Furthermore, we examined only one university per country, differences between countries could be in fact just differences between particular universities. Theoretically, students with particular nutrition patterns could be also more prone to choose universities which require that they leave parental home.
Conclusions
Food consumption patterns differed across the studied countries, with females typically making more healthy choices. Differences between students living at parental home and not were relatively homogenous across the countries, i.e. despite differences in background patterns of food consumption leaving parental home is associated with specific patterns of food consumption. If those changes are really introduced by leaving parental home should be subject of further longitudinal studies. In such a case, specific health education programs and other interventions could be proposed to address unfavourable changes and support those which likely improve health.
